Abstract Marine epibionts are organisms that grow on submerged surfaces. Those found on seagrass leaves are especially important because of their interactions with the plants, their contribution to primary production in these ecosystems, and their role as food source for heterotrophic fauna. Given the relative lack of ecotoxicological studies on epibionts, the aim of this study is to evaluate the effect of environmental pollution on epiphytes experimentally attached to artificial devices (mimes) consisting of thermally-sealed silicone tubes supported on bamboo sticks that mimic the morphology of seagrasses and serve as an anchor surface for marine epibionts. Mimes were installed on the sea floor in subtidal waters of the Rio San Pedro (Cádiz), collected after 28 days, and incubated in the laboratory with environmental concentrations of atrazine (herbicide), Irgarol (anti-fouling substance), and copper. Tubedwelling diatoms formed the major component of the epiphyte community. Average surface covering, chlorophyll, and biomass content did not show significant differences between controls and treatments. The glutathione peroxidase activity increased significantly with 4 μg L −1 of atrazine and 5 μg L −1 of copper. This enzymatic activity increase seems to be sufficient to prevent oxidative cellular damage by removing reactive oxygen substances produced by oxidative stress; in addition to this enzyme, there might be other antioxidant enzymes which have not been measured in this study, that have also protected the organism from oxidative damage. Thus, the measurement of antioxidant enzymatic activity in epiphytes may be a useful toxicity indicator for coastal biomonitoring.
Introduction
Epibionts are organisms that live on the surface of a host such as seagrasses, crustaceans, etc. Diatoms are the main organisms included within epiphytic biomass (Jacobs and Noten 1980) but a variety of heterotrophic epifauna (anemones, hydroids, bryozoans, and polychaetes) are also found on the surface of seagrass leaves (Heijs 1984) .
Epiphytes play a key role in the functioning of an ecosystem since they are quite important contributors to the primary production in some communities, such as seagrass ecosystems where epiphyte primary production can exceed that of the host plants (Pollar and Kogure 1993) . Furthermore, the host plant benefits from the interaction with the epiphytes. Goering and Parker (1972) showed that soluble nitrate excreted by the epiphyte of Thalassia testudinum is used by the angiosperm. The growth of epiphytes on the leaf surface reduces desiccation at low tide (Penhale and Smith 1977) , and retained seeds in the epiphyte framework are protected from drying out by the current (Richardson 1980) . Epiphytes also have an important role as a carbon source for the heterotrophic community that feeds on them. In seagrass beds, the angiosperm itself is not usually eaten by herbivores, except by some vertebrates, due to its low nitrogen content (Koike et al. 1987) and its high content of cellulose and phenols (McMillan et al. 1980) . Many small herbivores seem to feed only on microalgae, and not on the leaves that hold them (Jernakoff and Nielsen 1997) . Furthermore, the structure of the epibiont communities can also be used as an indicator of environmental parameters and water quality (Giovannetti et al. 2010) . Any disturbance in these organisms due to the presence in the water and accumulation of potentially pollutant substances would have impacts on these communities, and indirectly on higher trophic levels.
Given the lack of previous research work studying epibionts as indicators of marine toxicity, the first aim of the study reported in this article is to test the effectiveness of the mimes as devices which epibionts will colonize. A second objective of this work is to assess the potential sensitivity of epibionts to selected pollutants through the study of their effects on different parameters: average covering, chlorophyll a and c content, organic matter weight, and catalase and glutathione peroxidase antioxidant enzymatic activities. In vitro experiments were conducted for three pollutants at environmental relevant concentrations: atrazine, a herbicide used worldwide and one of the most frequently detected pesticides (Nödler et al. 2013); copper (Cu 2+ ), a metal which is an essential nutrient but toxic at high concentrations and whose environmental levels have increased in recent years due to anthropogenic activities (Pinto et al. 2003) ; and Irgarol 1051, a marine anti-fouling substance which to date has been found at concentrations as high as 4 μg L −1 (Mohr et al. 2008 ).
Material and methods

Experimental design
Two hundred mimes (Brun et al. 2012 ) consisting of silicone tubes (25 cm long, 7 mm external diameter), supported on bamboo sticks and sealed at both ends with thermal silicone, were installed on the sea floor in subtidal waters of the Rio San Pedro, a marine tributary of Cádiz Bay (36º33'02.9''N; 06º12'32.7''W), a location considered to be an area of low pollution (Araújo et al. 2009 ). Mimes were positioned in lines parallel to the shore of the Rio San Pedro at 36º33'03.37''N; 6º12'31.56''W. The installation was intended to mimic a submarine "meadow" of seagrasses. Silicone-sealing at the top and bottom ends of the tube ensures that air is enclosed inside the tube and thus the mime is kept in the erect position when submerged (Fig. 1) . After 28 days in situ, the mimes, now covered with epiphytes, were collected; the bamboo sticks were removed in situ and the silicon tubes were transferred, in plastic vessels filled with sea water, to the laboratory. There, they were exposed for 72 h, separately, to selected concentrations of the three pollutants: Cu Fifteen mimes were placed in each tank, with the intention of employing three mimes (as replicates) for each ) at 20±1°C. After the 72 h, three randomly chosen mimes were used for calculation of surface covering and later taxonomic analysis, three more random mimes were used for measuring dry and organic matter weight, another three random mimes were used for measuring chlorophyll a and c content, three more random mimes were used for the glutathione peroxidase (GPX) activity assay, and the remaining three mimes were used for the catalase activity assay. This was performed for each of the four tanks (control with exposure water only, plus three pollutant treatments).
Chemical analysis of incubation water
Concentrations of chemicals in the exposure water were measured during the incubation period by taking samples each day. Atrazine and Irgarol concentrations were measured by high performance liquid chromatography (HPLC Agilent Technologies model 1200, EC-C18 Poroshell column 100 mm×3 mm×1.7 mm). Copper concentrations were measured by induction-coupled plasma spectrophotometry (ICP-MS G3272B). The detection limit for atrazine and copper is 1 μg L −1 and for
Surface covering
Surface covering of mimes was measured on images obtained with a digital camera (Canon PowerShot SX 230 HS) before and after treatments with pollutants, and compared to the control using the image analysis program Image J.
Taxonomic identification
Samples of biomass were taken by scraping the mime surface with a plastic spatula. This biomass was analyzed by bright-field microscopy (Carl Zeiss Axioscop 2 Mot Plus) to determine the main taxonomic groups.
Dry and organic matter weight Dry weights were obtained by drying the total biomass (carefully scraped with a plastic spatula) from each mime at 80ºC for 24 h in an oven. Organic matter content is the weight difference from dry weight after ash-reducing at 450ºC for 24 h in a furnace.
Chlorophyll a and c content Chlorophyll a and c content were measured by the Jeffrey and Humphrey methanol method (1975 
Glutathione peroxidase activity
The glutathione peroxidase (GPX) activity assay is based on the oxidation of reduced glutathione (GSH) by hydrogen peroxide (H 2 O 2 ) in a reaction catalyzed by GPX. The composition and concentration of reagents are shown in Table 1 . To prepare the samples, approximately 0.4 mL volume of the attached biomass was scraped from the mimes and frozen at −80ºC. After thawing, the biomass was centrifuged for 1 min at 13,000 RCF. Exact volumes of attached biomass were not necessary, as enzymatic activity data would be later referred to protein content for each sample. Supernatant was extracted and topped-up to 0.5 mL with GPX solution buffer. The absorbance was measured at 340 nm in a spectrophotometer (Tecan Infinite 200 PRO).
Catalase activity
The catalase activity assay is based on the rate of decomposition of hydrogen peroxide, which is proportional to the reduction of the absorbance at 240 nm. Samples were prepared the same way as for the gluthathione peroxidase assay but the extracted supernatant was topped-up to 0.5 mL with 50 mM phosphate buffer. Absorbance was measured at 240 nm in a spectrophotometer (Tecan Infinite 200 PRO). The catalase activity values were normalized to total protein concentration and since the H 2 O 2 molar extinction coefficient was not calculated, these results are presented as relative catalase activity.
The protein concentration for both GPX and catalase was determined using the standard Bradford colorimetric assay, with bovine serum albumen as the standard (Bradford 1976) .
Results and discussion
The effectiveness of mimes in resembling the seagrasses as sites for colonization by epibionts has been tested and confirmed. These devices can be reliably used to collect epibionts for further ecotoxicological assessments. In addition, polysaccharide tube-dwelling diatoms (mostly Navicula ramosissima) (Fig. 3) were the main organisms found in the epiphyte biomass adhered on the surface of the mimes, but some individuals of macroalga Ulva sp. (formerly Enteromorpha sp., Chlorophyceae) were also found.
Thus, periphytic diatoms are the major components in this community. This is consistent with findings in other studies that have indentified the taxonomy of seagrass epiphytes (Jacobs and Noten 1980) . Tubedwelling diatoms are often found in coastal marine and estuarine environments, where they form colonies and resemble macroscopic brown filamentous algae. Some pennate diatoms such as Berkeleya, Navicula, and Nitzschia are known to form mucilaginous tubes and live inside them (Camacho and Vidal 2011) . ). In the control treatment tank, no detectable amounts of atrazine and Irgarol were found, but a residual content of copper appears. Copper contamination could be due to the copper content of the organic or inorganic matter attached to the mimes in the field.
The effective adsorption rate of any toxic substance by the biofilm depends on the physical and chemical properties of the substance and the nature of the biofilm. The fact that the main members of this community are tube-dwelling diatoms could imply that the exopolysaccharides serve as adsorption surface to the pollutant, so the concentrations to which organism are exposed are lower (Starodub et al. 1987) . Irgarol has been cleared from the aqueous phase, indicating an adsorption of this herbicide to the mimes, diatom tubes, and tank walls, or rapid degradation-much faster than that of atrazine and copper.
Surface covering
There are no significant differences in surface covering of exposed mimes between the three selected pollutants and the control at the times and concentrations assayed (Fig. 4) . However, there is a slight trend of decreasing epiphyte covering of the surface after exposure to pollutants after 72 h exposure, while covering for the control mimes slightly increase in the same period.
Chlorophyll a and c content
Although there are no significant differences in chlorophyll a and c content between treatments and control, there is a downward trend in chlorophyll content in epiphytes exposed to pollutants (Fig. 5) .
Biomass content
Data for dry, incinerated, and organic matter weights related to attached material scraped from each mime (three replicates per treatment) did not show statistically significant differences for any of these three variables between the different pollutants treatment and the control (Fig. 6) .
The absence of effects in these three variables (average surface covering, chlorophyll, and biomass content) could have been due to the fact that toxic concentrations were too low or the exposure times were not long enough. Many authors have shown that only high atrazine concentrations, above 100 mg·L
, or long exposure times, can reduce photosynthesis rates, biomass, and chlorophyll content of most aquatic producers (Jurgensen and Hoagland 1990; Huber 1993) . However, the effect of atrazine at environmentally realistic concentrations between 1 and 20 μg · L −1 (Graymore et al. 2001 ) is less clear. Lynch et al. (1985) found no effects after long exposure to 25 μg· L −1 in artificial systems; and Huber (1993) concluded that concentrations below 20 μg·L −1 of atrazine would not affect aquatic photosynthetic organisms, especially if exposure is transient. At these concentration ranges, the absence of effect of atrazine on the biomass and chlorophyll content has been shown by many authors, including Muñoz et al. (2001) and Jurgensen and Hoagland (1990) in short pulses of atrazine.
In the case of Irgarol, research on the herbicide effect of this anti-fouling substance on epiphytes, due to its highly species-dependent toxicity, has produced very different results (Mohr et al. 2008) . The lack of effect by this anti-fouling compound is possibly because it is rapidly adsorbed on mimes, tank walls, and diatom tubes, being cleared from the aqueous phase as the chemical analysis of incubation water results have shown. The fact that the main component of this community is tube-dwelling diatoms suggests that the tube exopolysaccharides serve as adsorption surface for the toxic substance (Starodub et al. 1987 ) and prevents contact with the cells inside due to their high lipophilicity (Mohr et al. 2008) .
Periphytic response in environments contaminated by metals is very complex, and usually follows a pattern of decline and recovery (Balczon and Pratt 1994; Takamura et al. 1990 ). In addition, metals can produce diverse effects in different species because of the structural and morphological characteristics of the organism such as size, cell volume, presence or absence of cell wall, mucilaginous matrix, and its chemical composition, and because of the particular physiological mechanism of metal detoxification possessed by each species (Levy et al. 2007) . Algae have evolved adaptive responses to reduce macromolecular damage due to oxidative stress produced by metals. These responses include metal detoxification, through intracellular inclusion of the metal by complexation with various ligands and storage in vacuoles (Rijstenbil and Gerringa 2002) . However, the storage of metals by cellular detoxifying mechanisms makes them available for assimilation by the biota and biomagnification along the aquatic food chain (Pinto et al. 2003) .
Catalase activity
No statistically significant differences between treatments and control were found in catalase activity, although there was a slight increase in the activity of this enzyme in epiphytes exposed to copper (Fig. 7) . . Significant differences marked by asterisk A significant increase in glutathione peroxidase (GPX) activity is observed in epiphytes exposed to copper (p value=0.004) and atrazine (p value=0.018) (Fig. 8) .
Atrazine and trace metals such as Cu 2+ are able to disrupt the photosynthetic electron chain, leading to oxidative stress through several different types of reactive oxygen species (ROS)-generating mechanisms. These ROS, including hydrogen peroxide (H 2 O 2 ), occur transiently in aerobic organisms and are normal byproducts of oxidative metabolism and pose a constant threat to all aerobic organisms. Although some of them may function as important signaling molecules that alter gene expression and modulate the activity of specific defense proteins, all ROS can be extremely harmful to organisms at high concentrations. ROS can oxidize proteins, lipids, and nucleic acids, often leading to alterations in cell structure and mutagenesis, with mitochondria and chloroplasts of photosynthetic organisms being the cell compartments most highly susceptible to oxidative injury (Pinto et al. 2003) .
Organisms have developed a wide range of antioxidant enzymatic systems that serve to remove ROS; among these the glutathione peroxidase enzyme reduces free hydrogen peroxide to water, thus preventing oxidative damage to the photosynthetic apparatus (Rutherford and Krieger-Liszkay 2001) and avoiding a drastic reduction in chlorophyll content and the inhibition of cell growth. Antioxidant responses at the particular subcellular sites where oxidative stress is triggered could contribute to the overall tolerance of algae during conditions of pollutant stress.
This result agrees with the study reported by Chalifour and Juneau (2011) where there was no effect on algae growth from exposure to atrazine at 21.6 μg· L −1
, but there was a reduction in the rate of electron transport in the active reaction center; it also agrees with the study reported by Mallick (2004) where the antioxidant enzyme response protected algae in environments contaminated by metals.
Conclusions
This is a first attempt at developing an ecotoxicology bioassay using epiphytes attached to specific artificial devices. Results suggest that the molecular antioxidant response is more sensitive than the other parameters measured, i.e., growth and chlorophyll content, in some microalgae species exposed to low toxic concentrations, for short exposure times. This work has demonstrated that the measurement of glutathione peroxidase activity is a good technique for monitoring the health of coastal epiphytes. Given the importance of these communities as primary producers in marine ecosystems, as a source of food for other organisms, and the interactions they have with seagrasses, it is considered important to continue this line of research based on the study of antioxidant enzymatic responses of epiphytes as a toxicity indicator.
